nosis of CSU still recommend the autologous serum skin test (ASST) to define an autoimmune etiology [4] even if its accuracy and reliability are still debated and controversial. Evaluation of autoantibodies against IgE or FcεRI, as well as the basophil activation test (BAT), can also be performed to confirm serum autoreactivity. However, no correlation between ASST results and autoantibodies has been proven, and not all antibodies have a pathogenic role, suggesting that other as yet unidentified factors are responsible for the development of wheals and angioedema [5] . Thus, CSU is not a single disease but it is rather a pattern of reactions that reflect cutaneous MC degranulation. Indeed, we have previously demonstrated that in vitro evaluation of MC reactivity to CSU serum could represent a tool for CSU patient screening [6] .
IgA deficiency (IGAD) is the most common primary immunodeficiency (PID), defined as a serum IgA level ≤ 0.07 g/l with or without an IgA secretory defect and with normal levels of serum IgG and IgM in patients older than 4 years in whom other causes of hypogammaglobulinemia have been excluded [7] . Compared to healthy individuals, patients with IGAD have a greater risk of concomitant autoimmune disorders [8] .
The incidence of skin manifestations in IGAD has only been scarcely investigated. Recently, Gualdi et al. [9] carried out and published a longitudinal prospective study in 147 patients with IGAD on several skin manifestations ranging from atopic dermatitis, psoriasis, and vitiligo to skin infection. However, the incidence of CSU and the correlation of CSU and IGAD were not considered in that study. Indeed, no data are available to date regarding the relationship between IgA levels and CSU.
Herein, we report 4 patients with autoimmune CSU associated with IGAD.
Materials and Methods

Patients
Patients were selected among those attending the Second Unit of Internal Medicine of the Azienda Ospedaliero Universitaria of Udine. Disease activity was estimated as the urticaria activity score (UAS) according to European Academy of Allergy and Clinical Immunology (EAACI) guidelines [4] . The UAS7 (weekly UAS) was assessed on the basis of symptoms evaluated the week before performance of the ASST. Subjects gave informed consent for participation in this study. At the time of the experiments, the patients had been off medication for at least 5 days.
Basophil Activation Test
Skin prick tests (SPT) were carried out using commercial extracts by Lofarma Allergeni S.p.A. (Milan, Italy) and ALK-Abellò (Hørsholm, Denmark). The ASST was performed via intradermal injection of 0.05 ml fresh autologous serum and reading of the wheal-and-flare reaction after 30 min [10] . Basophil activation was evaluated using a FastImmune TM CD63/CD123/anti-HLA-DR kit following the manufacturer's indications (Becton Dickinson, San Jose, Calif., USA).
MC Degranulation Assay
Evaluation of MC degranulation was performed using the human MC line LAD2 as previously published [6] . Briefly, 2 × 10 5 132 LAD2 cells were incubated with 2 μl serum in Tyrode's buffer for 30 min at 37 ° C, and the extent of degranulation was measured as the amount of released β-hexosaminidase.
Sera from 6 sex-and age-matched healthy subjects were used in both BAT and MC degranulation assays as controls. Data were compared via an ANOVA test using a post hoc analysis for paired multiple comparisons with a protected Fisher's least significant difference test.
Results
The clinical features of the patients are listed in table 1 . In all patients, serum IgG and IgM levels were normal, but serum and salivary IgA were absent. In CSU patients, SPT were negative for both inhalant and food allergens.
Patient 1 was a 34-year-old woman complaining of urticaria in the last 9 weeks. The UAS7 was 32, and symptoms were controlled only by a daily intake of desloratadine and prednisone. The patient was known to be affected by Hashimoto's thyroiditis and vitiligo. Serological screening was negative for the presence of other autoimmune diseases.
Patient 2 was a 54-year-old male with vitiligo who had suffered from CSU since the age of 22 years. The urticaria was controlled by a daily intake of cetirizine and prednisone. The UAS7 was 37. Screening for autoimmune markers showed autoantibodies against parietal cells (but not autoantibodies against intrinsic factor). Chronic gastritis was confirmed by endoscopy.
Patient 3 was a 17-year-old man affected by chronic thyroiditis with symptoms of urticaria during the last 12 weeks. The UAS7 was 23 and symptoms were controlled by a daily intake of high doses of rupatadine. Screening for autoimmune markers showed IgG autoantibodies against transglutaminase, but an endoscopic biopsy was negative for celiac disease. Moreover, the patient was negative for expression of HLA DQ2 and DQ8 alleles.
Patient 4 was a 48-year-old man with vitiligo and symptoms of urticaria in the last 16 weeks. The UAS7 was 28 and symptoms were controlled by a daily intake of a quadruple dose of desloratadine and short courses of deflazacort. In the sera, low levels of anti-nuclear antibodies with a nucleolar pattern were detected, but there were no symptoms and/or signs of overt disease.
All patients complained of angioedema while not on therapy. Patient 3 reported only few episodes limited to the lips.
As controls, we selected 3 subjects with IGAD with no complaints of urticaria (patients 5, 6, and 7). In patients 
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To characterize the autoimmune nature of urticaria, sera from all IGAD patients were used for ASST and BAT and to measure MC reactivity. In all CIU patients, the ASST was positive. To confirm autoimmune CSU, patient sera were used to stimulate donor basophils in an in vitro heterologous assay ( fig. 1 ). CD63, detectable on cell membranes only after activation, increased in blood basophils after incubation with all sera from the CSU patients, except for the serum of patient 1. The sera of patients 5, 6, and 7, which were not affected by CSU, showed no significant upregulation of CD63 expression, similarly to the sera obtained from the controls. In order to further demonstrate the autoreactivity of the sera from the CSU patients, we analyzed the stimulatory effect of sera on the human MC cell line LAD2 that releases β-hexosaminidase, once activated [6] . As shown in figure 2 , the sera of all 4 CSU patients (sera 1, 2, 3, and 4) induced significant degranulation of LAD2. The sera from patients 5, 6, and 7 did not induced a release of β-hexosaminidase as the sera from the healthy controls did.
Discussion
Diagnosis of autoimmune CSU is difficult because the clinical symptoms of CSU are the expression of a multifaceted inflammatory disease, the pathogenic mechanisms of which are still unclear [5] . ASST seems to be a useful and reliable screening test, but additional confirmatory methods are needed [10, 11] . Basophil histamine release and BAT have been used to identify patients with CSU [12] , but they yield a positive result only in a fraction of the patients [13] . We have previously demonstrated that CSU patient sera induce degranulation of human MC lines in both an FcεRI-dependent and an FcεRI-independent manner also in the absence of positivity to ASST [6] .
In this paper, we characterized the sera of 4 IGAD patients for positivity to the ASST, the BAT, and the MC degranulation assay. Taken together, our results are consistent with the ability of sera to activate basophils and MC causing wheals and angioedema.
The association between autoreactivity in CSU and other autoimmune diseases is well established [1] , and current guidelines suggest CSU patient screening for thyroid autoimmunity [4] . IGAD is a PID and its incidence varies according to geographical region. Paradoxically, a substantial proportion of PID patients develop autoimmune phenomena besides an increased susceptibility to infections because of their impaired immunity. Eightyfive to 90 percent of IGAD subjects may be asymptomatic, and autoimmunity may be the only clinical feature of this PID [7] . It has been proven that the IGAD prevalence increases in patients with autoimmune diseases, and there are high prevalence rates of autoimmune disease in IGAD patients [14] . Among autoimmune disorders, thyroiditis, vitiligo, and hemolytic anemia seem to be the most common manifestations [8] .
For the first time, we described subjects with CSU due to autoimmunity and selective IGAD in the absence of evidence of allergy (i.e. normal IgE levels and negative SPT); autoimmune disorders were once again confirmed to be common in patients with IGAD.
The reasons for these associations and this predisposition are unknown, although genetically linked susceptibilities are supposed to play a role [14, 15] . Therefore, it is known that mucosal resident bacteria shape the IgA repertoire and that the interaction between microbiota and IgA could be critical in controlling the pathogenesis of autoimmune disorders [16] . Thus, defects in IgA regulation by perturbation of the microbial composition and the gut microenvironment have the potential to increase autoimmune susceptibility. 
60
P a t i e n t 1 P a t i e n t 2 P a t i e n t 3 P a t i e n t 4 P a t i e n t 5 P a t i e n t 6 P a t i e n t 7
P o o l h e a l t h y s e r a A n t i -I g E P B S * Fig. 2 . MC degranulation response. LAD2 cells were incubated with sera from patients and healthy subjects. Ionomycin and PSB were used as positive and negative controls, respectively. The degranulation response was measured as the amount of released β-hexosaminidase. Data are the means of 3 independent experiments. The mean of β-hexosaminidase release obtained with healthy sera is shown (pool healthy sera). * p < 0.001. Evaluation of IgA levels could be useful in terms of morbidity and follow-up of other autoimmune disorders, in addition to identification of a defect of the immune system that may predispose the individual to recurrent gastrointestinal and respiratory infections.
In this study, only few patients were described because IGAD subjects are occasionally diagnosed and IgA levels are not routinely tested in the presence of signs of CSU. However, our preliminary observations indicated that the skin manifestations can mirror more complex underlying diseases and that patients with skin autoimmune disorders should be screened for the presence of other autoimmune conditions as well as for associated immune defects.
